We are interested to detect age-related transcriptional changes in the mouse liver as model system. However, such transcriptional changes are difficult to detect against the transcriptional noise increasing with age. Here, we investigated a relative strategy to improve the sensitivity of RNA-sequencing experiments. An equal amount of nuclei from rat and mouse liver was mixed, and subsequently nascent RNA (nasRNA) extracted. For normalization purposes, the rat sample was the same, while we used triplicate samples from 3-and 15-month-old mice. The reads obtained by Illumina massive-parallel sequencing were separated, and for each gene was calculated the ratio of mouse nasRNA to rat nasRNA. As such, we could identify age-related changes of the liver transcriptome that we were not able to detect previously.
INTRODUCTION
The main impact of aging constitutes a progressive decline or impairment of various metabolic, physiological, and neurological functions [1] . This is caused on one hand by the accumulation of various types of cellular and organ damage, and on the other hand, by the decline of corresponding repair functions over time. Researchers tend to separate the aging process into two somewhat intermingled phases. In the primary phase, pre-programed aging programs adapt the metabolism and physiology of an organism to the needs of an elder organism. This phase maybe considered as a prolongation of development into the adult and is beneficial but not harmful for the organism. The second phase, secondary aging or senescence, describes a whole variety of processes that lead to the loss of viability. Previously, there have been nine hallmark processes defined such as telomere shortening, lack of genomic stability, mitochondrial dysfunction, and others not compatible with long term survival [2] .
Interestingly, there have been found links between the aging process and another relevant physiological process, the circadian rhythms, suggesting that we could employ our knowledge on the later process to slow down aging [3] .
Circadian rhythms are generated by interlocked transcriptional and post-translational feedback loops [4, 5] .
The underlying regulatory principle is the circadian oscillator.
Briefly, a pair of activators increases expression of a set of repressors. Upon their accumulation, these repressors are capable of switching off their own synthesis. Without new synthesis, the repressors will decline, and a new cycle can occur. Combing multiple of these loops and regulating the activity of the repressors by post-translational modifications allows for the generation of endogenous rhythms of about one day (= circa diem). The organism uses this system to maintain stable phase relationships between the organs, to anticipate daily recurring events (instead of solely reacting to the transitions of the light and dark phases), and to separate timewise anabolic and catabolic reactions. As mentioned above, strong interactions between the circadian system and aging have been postulated [6] . However, on the molecular level, these potential links are much less well characterized and it is paramount to develop new tools sensitive enough to detect such age-related changes.
RESULTS AND DISCUSSION
In an attempt to understand the transcriptional changes between 3-and 15 month-old animals, we conducted a nascent RNA-sequencing experiment using mouse liver tissue from 3 and 15 month-old mice. Nascent RNA is defined as RNA staying attached to the RNA polymerase II inside the nucleus even in the presence of 1% of the detergent Nonidet P-40 and 1 M urea, and can therefore be considered as RNA in the process of transcription [7] . Unfortunately, we were not able to detect reliably age-related changes between the two groups of animals using the standard evaluation tools.
Consequently, we developed a sensitive normalization method for RNA-sequencing experiments (Figure 1 ). Given that the 5'-non-translated regions of mRNA are less conserved between species, it is possible to mix material derived from mouse and rat, and distinguish between the obtained reads of 5'-ends. Hence, we mixed mouse liver nuclei with a constant amount of rat liver nuclei and isolated nascent RNA as a proxy for transcription (Figure 2 ). This method allowed Publisher: Kernel Press. Copyright c (2017) the Author(s). This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited. us to detect age-related accumulation of the Dbp gene in the nuclei of 15 month-old animals ( Figure 3 ). The data suggest that there are about 3'000 up-regulated genes in these mice (experiment for Figures 2 and 3) . Some of the identified genes are already known to be involved in various aspects of the aging process. Taken together, the data obtained from this study have the promise to provide us with interesting insights into a primary aging program potentially governed by the circadian oscillator in mouse liver. 
